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INTRODUCTION
The pathogenesis of allergic diseases is multifactorial. Extensive evidence indicates that genetic susceptibility, as well as environmental and demographic factors, affects allergen sensitization and development of allergic diseases. [1] [2] [3] [4] Exposure to allergens is crucially important in inducing sensitization and developing allergic diseases, and the environmental concentration of allergens is critical. For example, the prevalence of pollen sensitization and allergic diseases tends to be high for those living in an environment with high atmospheric concentration of pollen. 5, 6 Demographic factors, including sex, age, and obesity, are significant contributing factors to the development of allergic diseases. [7] [8] [9] In addition, in recent studies, the vitamin D level was suggested as a significant factor associated with the risk of allergic diseases. 10 However, large-scale studies to detect significant factors related to the development of allergies are lacking, especially in Korea.
The Korea National Health and Nutrition Examination Survey (KNHANES) is a large-scale cross-sectional survey, conducted by the Korea Centers for Disease Control and Prevention (KCDC), which collects a significant amount of demographic and environmental data. The survey sample represents the entire non-institutionalized general population of South Korea.
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In 2010, the survey included a questionnaire for allergic diseases and serologic tests for total immunoglobulin E (tIgE) and specific IgE (sIgE) to Dermatophagoides farinae (house dust mite), dog, and Blattella germanica (German cockroach). Thus, the KNHANES provides useful data to define and confirm significant factors associated with allergen sensitization and the prevalence of allergic diseases.
In this study, we aimed to define significant demographic and environmental factors associated with the tIgE and sIgE levels and the prevalence of allergic diseases using data from the fifth KNHANES, conducted in 2010.
MATERIALS AND METHODS
Study design and populations
This study analyzed the data from the fifth KNHANES, a national survey performed in 2010-2012. In the fifth KNHANES, all subjects were tested for tIgE. The survey used complex probability procedures to represent the entire Korean general population, including stratification and multiple stages of cluster selection using age, sex, location of residence, type of residence, education level, and other variables. In the present study, to obtain appropriate estimates, we followed the guidelines for reporting sample weight (sampling weights) and stratification designated by the KCDC; this information is available on the KNHANES website (http://knhanes.cdc.go.kr). Among all subjects registered in 2010, a total of 2,342 subjects aged ≥10 years responded to the health survey and underwent serum IgE tests between January and December 2010. These subjects represented 16,003,645 citizens of Korea (about onethird of the total population of Korea) as obtained by complex sample analysis. In terms of the variables assessed, glucose tolerance status, body mass index (BMI), smoking history, and depression were assessed for 1,977 subjects aged ≥19 years, representing 13,762,677 citizens. The subjects' education level, marriage status, income level, and occupation were assessed for 1,577 subjects aged ≥30 years, representing 9,624,008 citizens.
All participants provided written informed consent prior to the survey. The KCDC Institutional Review Board approved the fifth KNHANES (#KCDC-2010-02CON-21-C).
Interview items
Responses to all questionnaire items were obtained by faceto-face interviews. Allergic disease was defined as the presence of at least 1 self-reported allergic disease, including allergic rhinitis, atopic dermatitis, and bronchial asthma. Responses of "negative" for 1 or 2 allergic diseases in addition to missing responses for the remaining disease options were considered missing values. The presence of depression was assessed as previously described.
12-14 Each subject's residential district was classified as urban ("Dong" in Korea) or suburban/rural ("Eup/ Myun"). The type of residence was classified as apartment or house. Income level was categorized into 4 quartiles: quartile 1, <$2,600/month; quartile 2, $2,600-$4,300/month; quartile 3, $4,300-$8,600/month; and quartile 4, >$8,600/month. Smoking history was classified as never-smoker, light smoker (<5 pack-years/entire life), or smoker (≥5 pack-years/entire life).
Measurements
BMI is measured as body weight (to the nearest 0.1 kg) divided by the square of the body weight (nearest 0.1 cm), and expressed in unit of kg/m 2 . Glucose tolerance was tested as previously described. 15 In brief, blood samples were obtained after ≥8 hours of fasting. Based on the fasting glucose levels, the glucose tolerance status was categorized as normal, impaired fasting glucose, or diabetes mellitus. The serum vitamin D level was categorized into 3 groups: quartile 1, <13.30 ng/mL; quartiles 2-3, 13.30-21.37 ng/mL; and quartile 4, ≥21.37 ng/mL. The 5th KNHANES included data on the tIgE and 3 types of sIgE. According to a previous Korean cohort study, 16 the selection of these 3 types of sIgE (D. farinae, B. germanica, and dog) does not lead to large discrepancies in revealing the atopy status in Korea. We used the ImmunoCAP ® system (Thermo Scientific, Uppsala, Sweden) to measure the levels of tIgE and sIgE to D. farinae, B. germanica, and dog, following the manufacturer's instructions. Elevation of the tIgE level was defined as a tIgE level >100 kU/L. Positivity to sIgE was defined as an sIgE level >0.35 kU/L.
Statistical analysis
For data analysis of the survey, which involved a complex sample, we used the KNHANES stratification variables and sampling weight (weights). The missing data were dealt with using complete case analysis. Because the distribution of serum IgE was log-normal, the tIgE levels were logarithmically transformed for statistical analysis. Differences in the geometric mean of tIgE were tested using t tests, and differences in the prevalence of allergic diseases were tested using χ 2 tests. Univariate and multivariate logistic regression analyses were performed to identify factors associated with the prevalence of allergic diseases and positivity of sIgE to D. farinae, B. germanica, and dog. SPSS v. 18.0 (IBM Corp., Armonk, NY, USA) was used for all analyses, and P values <0.05 were considered statistically significant.
RESULTS
Univariate analysis of factors associated with the prevalence of any allergic disease
The overall prevalence of self-reported allergic diseases was 37.6% (Table 1 ). The prevalence rates of allergic rhinitis, atopic dermatitis, and asthma were 29.0%, 7.1%, and 4.1%, respectively ( Table 2 ). The overall prevalence of allergic diseases was inversely correlated with age (Table 1) . Although the prevalence rates of allergic rhinitis (P <0.001) and atopic dermatitis (P<0.001) significantly correlated with young age, no association between the prevalence of asthma and age was observed (P=0.882) ( Table 2 ). The residence district, education level, occupation, glucose tolerance, depression, elevation of tIgE, sIgE to D. farinae, and sIgE to dog were also identified as significant factors associated with allergic diseases in the univariate analyses (Table 1) . 
Multivariate analyses for factors associated with self-reported allergic diseases
Multivariate analyses were conducted to assess the associations of the factors analyzed with each type of self-reported allergic disease (Table 2) . Young age (P=0.013), the subjects' oc- (Table 3) .
Risk factors for elevation of tIgE
Based on the results of the univariate analysis (Table 1) , we conducted a multivariate analysis and found that sex, occupation, BMI, and smoking history were independent risk factors for elevation of tIgE in subjects aged ≥30 years. Specifically, male sex (odds ratio [OR] (Table 4) were independent risk factors for elevation of tIgE.
Risk factors for sensitization to D. farinae
In the univariate analysis (Table 1) , male sex, age, occupation, smoking history, BMI, and the vitamin D level were significant risk factors for sensitization to D. farinae. In the multivariate analysis, old age was found to be negatively associated with allergic diseases, when compared with those aged 30-39 years as the reference group (OR, 0.611 in those aged 40-49 years; OR, 0.785 in those aged 50-59 years; OR, 0.644 in those aged ≥60 years; P=0.036). Although the vitamin D level was significantly associated with sensitization to D. farinae, the effects on the sensitization were not consistent (OR, 0.731 for quartiles 2-3, P=0.030; OR, 1.072 for quartile 4) ( Table 5) .
Risk factors for sensitization to B. germanica
In the univariate analysis, male sex, residential district, type of residence, occupation, glucose tolerance status, BMI, and smoking history were significant risk factors for sensitization to B. germanica. In the multivariate analysis, male sex was found to be a significant independent risk factor of sensitization to B. germanica (OR, 0.307 in women; 95% CI, 0.193-0.489; P<0.001), whereas subjects living in apartments had a reduced risk (OR, 0.682; 95% CI, 0.484-0.959; P=0.028). Further, glucose intolerance was identified as another significant risk factor for sensitization to B. germanica (OR, 1.413 in those with impaired fasting glucose; OR, 1.928 in those with diabetes mellitus; P=0.012) ( Table 6 ).
Risk factors for sensitization to dog
In the univariate analysis, male sex, age, and smoking status were significant risk factors for sensitization to dog. In the multivariate analysis, older age was found to be associated with a low risk for sensitization to dog (P=0.014), whereas smokers were associated with a high risk, as compared with never smokers (OR, 2.423; 95% CI, 1.416-4.145; P=0.004) ( Table 7) . Positive tIgE level was defined as tIgE levels >100 kU/L. OR, odds ratio; CI, confidence interval; BMI, body mass index.
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DISCUSSION
This large cross-sectional study aimed to identify demographic and environmental factors associated with the prevalence of allergic diseases and allergen sensitization in the non-institutionalized Korean general population. As a result, we found that allergic diseases and allergen sensitization were significantly associated with various demographic factors.
First, age was a significant risk factor for self-reported allergic diseases. Specifically, the prevalence of allergic rhinitis and atopic dermatitis decreased with increasing age, supporting the findings of previous studies. 17, 18 Aging-related immunomodulation and immune tolerance induced by long-term exposure to allergens could be responsible for these associations. 19 In contrast, the asthma prevalence was not associated with age in this study. A previous large-scale cohort study also showed that age was not significantly associated with the prevalence of asthma. 20 However, some previous Korean cohort studies conversely showed that the prevalence of asthma increased with age. 21, 22 Thus, further studies should be performed to confirm the association between the prevalence of asthma and age in Korea.
Second, occupation was a significant contributing factor for allergic diseases. The prevalence of at least 1 allergic disease for subjects in agriculture and fishery occupations (14.1%) or ser- Positivity to sIgE was defined as sIgE levels >0.35 kU/L. OR, odds ratio; CI, confidence interval; BMI, body mass index. *Analysis included subjects aged ≥30 years (n=1,577, representing 9,624,008 citizens ≥30 years); † Analysis included subjects aged ≥19 years (n=1,977, representing 13,762,677 citizens ≥19 years).
vice and sales occupations (20.4%) was significantly lower than that for those in other occupations (31.9%-36.5%; data not shown). Especially, an occupation related to agriculture and fisheries was a protective factor for allergic rhinitis in the multivariate analysis, whereas it was an independent risk factor for the elevation of tIgE. Exposure to a farm environment has been considered protective against allergic diseases, 23-25 whereas exposure to chemical agents in some occupations, including among technicians and labor workers, is a risk factor for allergic diseases. 26 Thus, different occupational environments may affect the development of allergic disease.
Third, depression was significantly associated with allergic diseases, especially self-reported asthma (OR, 2.691; 95% CI, 1.280-5.655; P=0.009) and self-reported atopic dermatitis (OR, 2.549; 95% CI, 1.101-5.899; P=0.029). However, in contrast to the other factors described above, depression may not be a direct cause of allergic disease. The adverse effect of self-reported allergic disease on depression has already been well demonstrated in previous studies, [12] [13] [14] and it is likely that depression may be induced or aggravated by allergic diseases rather than being a cause.
Lastly, glucose intolerance was found to be a significant risk factor for allergic rhinitis, whereas a higher level of education was protective for self-reported asthma. Previous studies have reported a significant correlation between diabetes and allergic diseases. 15 However, evidence to confirm a significant causal re- lationship between these conditions is still lacking. Similarly, while data regarding the effects of education level on self-reported asthma have been accumulated, the evidence is still insufficient. 27, 28 Interestingly, in the present study, we observed significant gaps between the tIgE level and the prevalence of allergic disease. Male sex, obesity, and smoking were identified as significant risk factors for tIgE. The higher frequency of elevated tIgE in men supports the findings of previous studies. 29, 30 This result may be secondary to the correlations of alcohol consumption and/or parasitic infections with IgE, as heavy alcoholics and asymptomatic parasite-infected subjects are frequently observed in Korea, especially among men. [31] [32] [33] Although the data are not shown, the positivity rate of tIgE increased with increasing alcohol consumption amount in this study (37.1%, 50.5%, and 70.5% for subjects with ≤1, 2-3, and ≥4 events of alcohol consumption/week, respectively P<0.001). However, male sex was still a significant risk factor for positivity of tIgE even after adjusting for the alcohol consumption amount in the multivariate analysis, indicating that male sex is an independent risk factor for positivity of tIgE regardless of alcohol consumption. The effects of obesity 34, 35 and smoking 36, 37 on the tIgE level are also widely accepted, based on sufficient evidence. Of note, recent studies have revealed that the sIgE/tIgE ratio is more accurate than sIgE alone in predicting outcomes in food allergy, suggesting a protective effect of tIgE against allergic symptoms.
38 However, this topic remains controversial, with varying opinions, 39, 40 and some studies have suggested that the serum tIgE level is positively correlated with allergic disease. [41] [42] [43] The factors associated with positivity of sIgE differed according to the type of allergen. Male sex and house residence were significant factors associated with positivity of sIgE to B. germanica. These factors are associated with household hygiene and have been previously reported as significant factors for sensitization to B. germanica. In addition, smoking was significantly associated with positivity of sIgE to dog; this result is also supported by other studies. 44, 45 Some of the associated factors identified in the present study are modifiable, and exposure or avoidance of these factors may help prevent allergen sensitization and development of allergic diseases. For example, early exposure to a farm-like environment may help prevent allergic diseases. Hygiene-related factors, including residing in an apartment, and glucose intolerance should be improved to avoid sensitization to cockroaches. In addition, avoidance of smoking and obesity may help prevent the development of allergic diseases.
The major strength of this study is that the data were obtained from a well-designed national program with complex, multistage probability sample extraction, and that we used complex sample analysis, resulting in the representation of 16,003,645 citizens, which is one-third of the total population of Korea. Although the KNHANES provides specific guidelines to ensure appropriate estimates and results due to the inherent nature of a multiple complex survey design, almost all research articles published on the basis of the data from the KNHANES used standard statistical analyses. 46 We followed the KNHANES guidelines concerning the statistical analysis; this provided valuable information that can be generalized to the entire Kore- Positivity to sIgE was defined as sIgE levels >0.35 kU/L. OR, odds ratio; CI, confidence interval. *Analysis included subjects aged ≥19 years (n=1,977, representing 13,762,677 citizens ≥19 years).
an general population. However, an important limitation of the present study is its cross-sectional design; because it was not a longitudinal study, the temporal relationship of the associated factors could not be evaluated. For example, we could not determine if smoking was a significant risk factor for allergic diseases or if subjects with allergic disease were at risk for smoking. Another limitation of this study is that the data in the multivariate analysis were assessed only for subjects who were older than 30 years. This was because we considered that the assessment of the subjects' education level, marriage status, income level, and occupation at that age was reliable. Third, most parameters, including allergic disease, occupation, and income level, were obtained using a self-reported survey. The prevalence of physician-diagnosed allergic disease may differ from that of self-reported allergic disease. Similarly, self-reported occupation and income level may be affected by the respondent's judgment. Moreover, the residence district and occupation may also be affected by various parameters. For example, people who moved to a rural area recently after living in an urban area or who had a recent change in occupation might result in confusion. Lastly, although we could not conduct further analysis due to limited provided information, dividing the subjects into those with allergic asthma and non-allergic asthma might provide interesting results, as the pathogeneses and treatments differ between these entities. 47 In conclusion, demographic and environmental risk factors associated with the tIgE and sIgE levels, as well as with self-reported allergic diseases, differ according to the type of allergens and allergic diseases. The results of the present study suggest that appropriate management of numerous modifiable factors might help prevent allergen sensitization and development of allergic diseases. Further studies are warranted to confirm our findings and identify any causal relationships.
